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Abstract
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This survey of scil lead in thé-vicinit_y of old industrial sites examines how the stable isotope
patterns vary among the sites according to the sources of the lead ore processed at edch site, Load
smelters and refineries, which closed down decades ago, are the basis of this investigation,
Samplos were taken from near five old factory sités in Callindville: arid Alton (liliriois), Ponderay - View Record in Scopus
{idaho), East Chicago {Indiana) ahd Omaha (Nebraska). Historical records were searched for Cited By in Scopus (3)
acoounts of the sources of the lead, Lead concentrations were measured by atomic absorption

flame spectrophotometry, and stable isotopic analysis was done by plasma ionlzation mass

spectrometry. At every site visited, remnants of the old factories, in terms of sonl lead polluhon.

couid be found. In spite of potential complications of varymg smelter feedstock sourcad from mines

of different geolegical age, it was possible to match the nsotoplc patterns in the spils with the

documented sources of the ares. The Collinsville and Allon sites rosembled Musoun lead. The

Ponderay value was higher than major Bunker Hill, Idaho deposits, but cloger to the minor, nearby

Oreille County, Washington ores. Mostly Utah ore was used in East Chicago. The Omaha soll

reflects lead from Mexico, Colorado and Momana
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1. Introduction

Today, the American lead industry operates at oply a fraction-of ite peak activity of many decades ago. Elevated
soil Iead levels are often to be found arourid former Iead smeiting-and tefining sités. This report examines how
this excess =oil lead isotopically resembles the historically documented sources of the lead ore processed at that
particular factary site. :

Current production of lead is approximately at levels last seen around 1810. Lead production peaked in the
1920s, with annual production of refined lead metal in the United States at neary 750 kt, more than twice current
levels (see Fig. 1). At that time, 21 primary smeiters and refineties were in operation (Crane, 1927). Since then,
the uses of lead In paint pigments and as a gasoline additive have been eliminated. Lead plumbing and cable
covers have been largely replaced by other materials. Generally, there has been jess demand for lead. The
major use of lead today is in batteries, which use recycled scrap, rather than newly mined, lead. Production has
continued only at larger and increasingly efficient and expensive faclories. As a reault, there are fewer operating
smelters and refineries in the United States. There were 7 in 1973 and only 3 primary lead smelters and
refineries operating in 1999 (Smith, 1999), producmg aboul 350 ktlyear Th;s tnlly is dlshnct from secondary
smelters, which deal in serap or recyt:ied Iead nems Those operahuns were much smailer and more numerous
(Eckel et al., 2001). )
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Fig. 1. Annual primary production of refined lead in &he-UmtedStates over the pasl 140 years.

This lead is mostly from domestic mines, but Imported ore and:bullion refined in the Unlted States

are included, Scrap or recycled lead is not. Data are comp:ledfrom the US-Bureau of Mines .

Annual Minerals Yearbook. - R A :
The lead factories, which closed down decades ago, are the basis of xhls mvesngahon Historical records and
field samples have been used to trace the lead from mines to smelter, where the ore Is roasted driving off sulfur
and converted to bullion, and onto a refinery for conversion of the bullion into lead metal (Hallows, 1943), This
refined lead metal was used in making plumbing, electric cable covering, storage batteries and the
manufacturing of white and red lead for paints and pigments and numerous qthét applications. Lead in it
different grades of purity and forms was used in practically évery community in the country (Crane, 1927).

Part of the rationale for this study is the wide variabillty of fsoiopic abundance ratios among the four stable
isotopes of lead found in different ore bodies worldwnde Ora bodies whn:h were formed at different goological
times would have different amoums of pnmeval lead, present wﬁen the Earth formed plus lead produced as an
endsproduct of the radicactive decay of uramum and thonum ovgr the hustory of tha Earth up until the ore body
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was formed. These isotopic pattems have been well studied'and’ understnod (Doe, 1970) These drfferences

often allow lead to ba traced and distinguished, which has proven usefulin geor:hemrs!ry, environmental health

and archeology (Rabinowitz, 1995).

Teeal

Table 1 shows the major lead producing states, thelr annual "Gu\puts during the paak years.and the range of

isotope ratios typically seen. The tonnage figures were oornprled from: rhe Umted Sfates Bureau of Mines - Annual

Yearbooks. Although there were lead pmducmg mines operatrng in more than 20 §tates 3 states, Missouri,
ldahe, and Utah, taken together, produced more than three-quarters o_t the le_a_d_ ore,

Table 1.

Geographic souroes of Iead ores used by American smeltars and lheir mxope ratios

Annual outi:ul Range of 2%Pb/2%Ph ratios

Mine location
.. ktlyear 1925— . for most lead ores,
1935 '~; L excludmg outliers o
Missouri plus Kansas and Oklahoma 298 - 20.0-227
 idaho e .",'_-162‘17 e
Montana . 2 17, 3-18;5._‘_:__-.{ ;
Colorado gp -"~17 o182
Utah 167 T 17eads
Mexico 205 18.5-18.9

The tonnage figures were compiled from the United Stated Bixrsal 5f Mihes Annisal Yearbooks.
The isotope data was compiled from Doe and Stacey (1974), Doe.etal: (1979), Heyl et al.
{1974), Leach et al. (1998), Stacey et al. (1 gsg)fana -iar‘rm;an ("1334): R

- ‘..‘.«- ek

The isotope dats in Table 1 were oomprled from the Load lsotopa Data Bank {Doe, 1992), Doe and Stacey

{1974), Doe et al. {1979), Heyl et al. (1974), Leach &1 al. (1998), StaCEy et al {1588) and Zanman (1974). The
full range of observed values for a state is not shown, but rather only tha range of the major deposits is shown,
excluding outlier values which may be of geological interest, but not rapresentative of the bulk of the ore mined.
Table 2 shows some Hustrative examples of pubushed values of lead rsptope ratros for a variety of samples from
these dilferent states and Mexico. Within a single mining district and within a .-.lngle mine, the isotope values do

vary (Doe and Stacey, 1974), but general trends aré apparent. Overall, larger deposm hava less variable and

lower 208pp/204pb ratios. Generally, the 2°5Pb/204Pb ratios of Missouri ares fall.within a range of about 20-23,

while for ores from Colorado, Utah and Montana the values fall-between 17.5-and 18.5 (Cannon and Piercs,
1983, Doe et al., 1968, Graney ot al., 1986, Sanford, 1992 and Unruh et al 2000) Mexrcan ores have
somewhat higher and Idaho ores lower meFD"Pb ratios 5James and Henry, 1 993) o

Table 2.

Ca - o
- wme T .
i wleT o

Some examples of published isotope ratios from majof Mining distncts’

Mining Sample and reference. o g Reported
region , e 206pp,209pp and
T S a0ep i, ratios
Missouri Herculaneumn MO Smelter » Rabinowirz 03 20.2 1.32
Doe Run Metal - Rabmowrtz 03" 1.34
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Galena KS slag o J}_'_' Rabinowitz 03 iztﬁeﬂ o3
Picher OK ore - Cannon’ 63 22 0:.\- . 1.:.37I
Average SEMissouriore ~ 7 ey 7 T208. 130
idaho  Bunker Hill Mine, Goeur d'Alene. - Lgagp@& o182 1.06
Star Mine, Coeur d'Alene . Leachos” ,_j 182 106
Average of 4 Bunker Hill Ingots 3 F&ablhowrlz 03 170 JOU09
Average of 4 Pend Oreille WA mlnes 'Small 73 17 4 | 1.1
Montana Emma Mine Muthy61  18.1 1.14
Lexington Mine Lo Murthy 61 s1B0L ‘1,14
Boulder Creek CynnhOo” - 180 116
Anssimo Mine : Doe 68 ;17 9. 1.15
Colorado  Leagville/Giiman mine  boeT4 ., 178182 144-1.17
Loadville mines - . ‘Graneyss _ 1;i5-1.17
Lake Clty, Burrows Park "s:"éfﬁ“r"éré‘sz ‘1 82 117
Utah Tooele Sméﬂér slag o Rabmowutz 03 17 9 1.18
Midvale Smelter .soil s Rabmownz 03 17 9 1.15
Bingham, Lark mine 7 Stacey '68 17 7 113
Park City, Apex mine \Stgcey 63 17 9 114
Mexico  Taxco ore  Cumiing 79 '13._7 1.20
Zacatecas ore _‘Cummlng 79 188 1.20
Santa Eulalia ore 'James 93 1 _8;5 1.18
Tescatio ore .{ames 93 187 119

The other basis Tor this study is the long term persistence of leadﬁé!.(ﬁﬁ"onii'r'\ sofl (Chaney et al., 1989). Lead
from factory operations, which falls on soil, is poorly soluble and will be r'etained for many centuries. Unless the
site has been physically excavated or oovored lead added decades ago should stm be present in tha topsoil.

-1 . .&_..;

2, Area descriptions R .

Fig. 2 is an oulline map of the United States showing the major léad mi‘ni'rigj districts and the location of the five
smeflters and refineries sampled. Major Jead mining districts are Shown' in Sotitheast Missouri and the Missouri=
Oklahoma-Kansas border, Colorado, Utah and in Northern Idaho. Smaller,  doposits were near the Calffomia~
Nevada border, in Southem Arizona and New Mexico, Northeast Washmgton and along the lllinois-Wisconsin~
lowa border. Table 3 provides an overview of the five sites investigated, the corporate'names and years of
operation. Table 4 gives details of the soil sampling locations at each of these sites and the current land use.

. Display Full Size version ot this irﬁage (75K)
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Fig. 2. Map of the Unned SXates showmg \he ﬁve mdustrlal sutes sampled (P for Ponderay ID (o)
for Omaha NE, A for Alton IL, C for Collinsville IL and E for East Chicago IN), Major lead mining
distriots are shown as shaded areas in Southeast Missouri and the Missourl-Oklahoma—Kansas
_ border, two areas in Colorado centered in Durango and in Leadville. three close-by districts in
Utah in Bingham, Park City and Tintic, and the Coeur d'Alene distriet in Northern idaho, Smaller
deposits were near the Galifornia-Nevada border, in Southem Arizona and New Mexico,
Northeast Washington, and along the lIlmous—Wlsoonsm border The Tooele and Mulford uT

+

smolter sites ara shownwithaTandM. - -~ .~ 0 .-

Table 3.

Five primary lead smelters and refineries sampled

B Y e T T —

Location Company  Brand _ 'opfer?igan" " Yearsof Years Primary sources of ore
name. . hame . ;'j_f;,',-,‘, TN ‘;- /operation _ closed
Colliinsville, I~ NL - St touis— smetter refif nary 1904—1938 66 Missouri
Alton, IL ASARCO  Federal | smefier reﬂnery 19051959 45 Missour
Ponderay, D Idaho S&R Co. Idaho. -« :'smeler.. = + 1907-1911.93  Local mines including NE Was!
East Chicago, IN ILR Anaoonda reﬂnery-_‘_ ] w 1912—1948 52 Utah mostly, some Montana ar
EPaftor1948 EP refinery. . 1948-1952
Omaha, NE ASARCO OandG refinery " 1899-1997 7 Mix of Colorado, Utah, Montan:
ASARCO=American Smalhng and Rifining Co., NL=Natinal Lead, ILR=International Lead
Smeiting and Refining Co., EP_EagIe PIcher,OaneLGzOmaha and.Grant -
Table 4. T
Sample locations and current land use ) : - L
Location 1D Streét aadress l.ai W Long— - baie ) currem land
# ' ST N collected  use
Collinsville, IL S
386 1608 Calfomia  S8.6871°893956 JuneG3  vacantlot
387 RotaryPark 38689189968 ' park
388 100 Pine Lake Rd. 386904 89 961 old gate house
300 88PinelakeDr. 386917, 80.969 . 7 home
Alton, IL
381 by rail gate o 388751 90 140 June 03 industrial—closed
382 west of Chessen Ln 38 8745 90 140 induétﬁal—closed
383 west of main gate - 388792 90 147 “n iﬁdﬁstriak-closed
384 by main gate 38 8786 90 146 industrial—closed
385 end of Cut St 3. 8780 90 145 " industrial—closed
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Ponderay, ID
396 end of Cedar Ave.  48.3013° 116581 June01  recreational

N

East Chicago, IN
498 4912McCook Ave. 415242 67466 " 'Mardh 00 vacant fot
499 427 E 149 St. 416236 87.467 housing complex
501 Goodman Park 41.6258 87.470 park
502 Goodman Park 41.6261.'87.469. . ..+ - park
Omaha, NE 7 ST _
376 4050 Ave. F 41 2674 95 914 JuneQ3 home
378 Levee N of 1480 41 2621 5619 " conservation
379 Levee Nof 1480 41,2617 95.919 conservation
380 Levee Sof 1480 41.2590 95919 e conservation
2.1. Collinsville, lllinols - - LT A

P U i

The St. Louis Refining Gompany establlshed its lead reﬂnexy in nearby Collmswlle Illmons in 1904 it soon
became part of National Lead (NL) ‘also known as the 164d: Trust; Thé tactory closed on November 21, 1933,
following a labor strike. The equipment was dismantied and shipped 1o Argentina (Stehman, 1992).

The lead ore for this smekter came from Southeastem Missouri, across the Mississippi River. That area produced
more than 40% of domestic lead ore during the twentieth century: and rémains prodictive today. Because most
markets for lead metal at that time were to the east and because tolls across the river favored shlppmg ore sast
rather than shipping fuel for the smelters westward, this large operatlon was sited in lllinois, near coal mines,
rather than near the lead mines. Zine works, which were éven more fusi dependent, had been at the site since
1873 (Norton, 1812). R I

These Missouri lead ores have low silver content, and sa it is unnecessary to refine them extensively 1o extract
the silver. in contrast to the complex ores mors typically found in the Rocky Meuntains where sliver is a valuable
by-product. Forthose complex ores, a mulh-step metallurglcal extrachon process was required. Howevar, the
Callinsville factory, and the similar works in Aﬂon. was combmed sme1ter-r9fnery operatlons snnce the refining
part of the operation was relatively sxmple (Euls, 1926)

O T L BN

Today, the Coliinsville smelter site is in a residential area, a suburb of St. Louis, with well-kept, single tamily
homes. liinois and Federal officials have said topsml may need fo be removed to pmtec\ emzens Siag piles
were encountered as the site was developed for housing. The ofﬁcmis have focused on a 150 acre tract
averaging 1300 pg/g, well above the 20-35 ug/g level taken to be ‘natural and safe and above !he cument
Federal Environmental Protection Agency guidance leveffbr resndentval stifs of 400 pglg (Plerce 2003).

ek el

2,2. Alton, lilinocis

JETIN
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The Federal lead works in Alton further north along the Mls;iéslppi; anv;l also’ln Madison County, was begun by
American Smelting and Refining (ASARCO) in 1908. This site’was chosen because it provided high ground to
protect the sme'ter from river flooding and “plenty of swamp area adjoining to get rid of the slag quickly and
cheaply” (Anon., 1936). Other industries were already well established in the town including glass and steel
works. In 1918, a bath house and mandatory clothing changes were provided for worker health protection, After
several axpansions, by 1926 the Federal plant was the largest lead smelter in the world (Eflis, 1926). By 1936,
40 acres of swamp were 40 ft deep under slag, made at 200-500 t daily, amounting to 2.5 Mt since the plant
began. For decades, the entire output of the plant was used for telephone cables. The smelter closed in 1959
when plestics replaced lead in the coating for wires and the plant switched to smelting aluminum before closing
in 1981 (Kiops, 1986). The location today is an unused, overgrown site within an area devoted to heavy incustry,
awailing economic reactivation.

23, Ponderay, [daho -

By 1900 Idahe was a major lead, zinc and silver mnnlng area, producmg aboul 1/4 of all domestn; lead Mostly, it
was along the Coeur d'Alene River. During the early hlstory of thls dlstnct the ores were transpoﬂad to ASARCO
works In Leadville, Colorado (open since 1878), Selby, Callfomna (opened 1895) or Taooma, Washington
(opened 1896) for smelting and refining (Alken 1993) Not untul 1917 was the large Bunker Hill smelter and
refinery built in Kellogg, idaho. Several small smelters operated untvl then ldaho Smemng ‘and Heﬁmng
Company In Ponderay from 1907 10 1917, the Nonh Fork Sme‘mng and Mlmng Company in Enaville from 1910 to
1911, the Red Bird Smelter Company in Clayton from 1912 16 1918 the Lemhl Srnelter Company in Hahn from
1910 to 1911 and the Greyhound Company in Sea Foam m 19% b These small woms all ceased as the smelting
operations consolidated in Kellogg in order to hand!e lhe output from ‘the | pnoductive ldaho mines. The Bunker Hill
smelter oporated until 1981 Of these several small operatiokis, only Ponderay was visited.

Currently, the Ponderay smelter site is marked by a slag pile along the lake, which was the major means of area-
wide transportation. Ponderay is about 80 miles from Kellogg, Old rails related to plant operations are still

present, nearly a century later, on the 1op of the slag heap by the Iake Dunng hot weather thns is a popular
swimming and picnic spot m a residential area. '

oo

2.4. East Chicago, Indiana
This site is In an area of heavy industry. In 1911 lnternatlonal Smehlng and He?‘nlng Company (ILR) a subsgidiary
of Anaconda Copper, constructed this refinery in East, Gmcago. lﬁd:ana. near Chlcago, liinois, 16 process lead
bullion trom its smelters in Tooele, Utah, and from the ASARCO smalter in East Helena, Montana. The Tooele
bullion was cast in four-ton slabs and the East Helena bulhon m 100-Ib bars, both arnvmg by rail. The Jead bullion
was de-silvered and refined to make neary pure lead anodes (Johnson. 1929) Some of these anodes were
electrolytically converted to white lead (a hydmted lead cavbonate) at the same East Chicage factory, for use as
lead paint pigment, sold under the Anaconda Iabel (Heckel 1934) Zinc OXIde sdver and antlmomal lead were
also praduced, besides load metal.

. e e
LU e 0T

Large steel mills and chemical factories wers In this arsa and the immediate neighbarhood in East Chicago
hosted other lead works. In 1910, US Smelting and Refining (USS) had bulit an electrolytic lead refining works,
lass than a mile away from the ILR factory. However, until it closed in 1972, during most of its life, it was a '
secondary smelter processing scrap lead metal, often from batteries. Only lead refined directty from lead ore, not
secondary scrap lead, was used to make corroding grade lead, ess;ential for the production of white Iead paint.
This high purity grade of lead metal was called corrodmg because most wh:te Iead was made by corroding the
metal. For white paint to be satisfactory, it had to be fron uf nmpurmes. wmch mlgm affect g color, so this
promium corroding grade of refined lead metal was manufaotured Wuthln 10 mdes of the ILR refinery In Calumet,
INinois, the large Sherwin-Williams Pamt Company operated corrOdlng sheds (1 91 9—1 953) whera white lead was

'..\.r ! -,
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made from lead metal. The Glidden Company operated a lﬁharge and red lead plgment factory wrthm 2 miles of
the ILR refinery, in Hammond, which required lead. Many other customera for. lead rnelal operated in this
industriat area. Eagle Picher (EP) briefly owned the ILR rehnery operation for 6 years before it closed in 1952
(Schulenberg, 1988).

Since 1968, when the ILR site was rehabilitated, including exténsive soll excavation and replacement, it has
been a Federal Housing and Urban Development housing complex: Today; the old | R Anaconda factory site
contains several apasiment houses and 2 recreation building {the.old zinc works). Additionally, a park with
playgrounds was created from the Northern end of the factory site. The immedi ate surrounding nerghborhood Is-
economically depressed, with small multifamily housing. - :

The lead buillion for this refinery came Iargely from the:ILR smelter in Tooele. UtaQ Smce the 1870s, lead ores
from various mines in Utah were smeltéd in Salt Lake Clty,'é v%lley. However, law'siiits by farmers forced
smelters within Salt Lake Clty to close. So, in 1911, ILR beg'an oonstmcrlon of the Tooele smelter in the next
valley, to handie local ores from 15 mmes n the nearby Bmghah Dlstnm, Park Clty and Tintic, and also some
ore concentrates transported from idaho and Nevada rmnes The Tooele smeher olosed ln 1974 long after the

East Chicago refinery closed (Dunlavy, 1986).

25, Omah_a. Nebraska

mine sites around the West This placed the reimery on the rail lines, closer to the Eastern markets. It received

lead bullion from widely spread ASARCO smelters: Leadvrlle ( 1879—1 1961) and Durango Colorado (1882-1938),
Midvale, Utah (1905-1958), Chihuahua (19071 938) and doahuna (1913—1 938), ‘Mexico, El Paso, Texas (1886-
1985), which also smelt Mexican ores along with’ some lead" ore from Anzona and New Mexlco and East Helena,
Montana (1889-Aprif 2001). Of these, only the East Helendasmeher was Still operatmg when the Omaha refinery
closed in December 1997, For those few years from 1997 to 2001 that bullnon was sent ln Mexdeo for refining.
The Omaha refinery site self was cleaned and decontammated and. today. ifserves as a park and restaurant. in
November 1999, ASARCO was bought by Grupo Mexico S.A. de C.V. The plant emissions have impacted a
large part of the city of Omaha, requiring remediation of 8840 acres with 88,515 residents and 20 publie schools,
because their soil lead Jevels exceeded 400 pg/g (US EPA, 2002). The samples reported here were taken from
just East across the river in Councﬂ Biuffs, lowa, less than 1 km away

3. Methods

Soil and slag samples were taken from tbe top 2 cm lyplcally ﬂve 20-9 samples frorn over anarea of 1 w2 using
a plastic scoop, choosing spots with minimal vegetahon or mﬂuencsby any nearby structure or ‘road. These

samples were dried, hand cruShed and coarsely s‘eved wlth a 1—mm mesh stamiess steel screen The lead was
extracted using 10% nitric acid at room temperatura for é days Ahquots ware dlluted for atomlc absorption flame
spectrophotometry with background correchon to determme the lead concentranons of the solutlons The results
are expressed as pg Pb/g dry soil material. When abnorma!ly‘hlgh values were found for example, more than
1000 pg/g at a site of an old lead fac!ony compared to natural levéls of less than 50 pg/g. and in the absence of
cther potential souroes like highways, bridges, bulldings and other mdustnee, u |s assumed that essermally all of
the lead in the sample came from that factory. o S '

These samples, thought to reflect the emissions from the factories, were then further diluted for isotopic analysis
with a single collector, sector field mass spectrometer using plasma ionization (SFICPMS, Finnigan MAT madet
Element 1) by Lary Ball of the Woods Hole Oceanographic Institute. Quality assurance was addressed using
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National Insitute of Standards and Testing standard reference matenal #981 analyzed along with each bateh of
samples. Ten assays yave a mean value 2"‘5Pb/2'-"‘Pb of 18. 94 (S D. 0. 01), 2°st/2°7|°|) was 1 0933 (S.D.
0.0008) and 2°6Ph/2%Bpp was 0.4615 ($.P, 0.0002), whuch is lndlstmgunshable from the certified values of 16.93,
1.0930 and 0.4613, respectively. The analyhca! uncenainly was much iess than the range of valuas
encountered., . Lo

[

4. Results
Table 5 contains the soil lead concentrations and isotopic abundance ratios and Fig. 8 provides a scatter graph
of the isotope ratios. Only the samples with the highestlead:concentrations at each site were submitted to
isotopic analysis, At the Collinsville and Alton sites, similat patterns are- éppai-enfi High concentrations could be
found, and the isotope ratios resembie Missouri lead, with 2°°J°t:o/2°4Pb ratios well ahave 20. These values are
entirely consistent with the survey of Southeastern Missoun ores repoﬂed by Heyl et al (1974) “They reported an
average of 131 ore samplos of 20.8, ranging from 19 96 to 21 46 (Table 2)

Table 5.

Soil sample lead data .
Location ID# Lead (ng/g) Isotope  Abundance Ratio
206pp/204pp  206ph/207pp - 206ph/R08Rp

386 190 2052 *i 11208 . SOBIE S -
387 117 R RARCEE
a8 12740 2082 . 1. ;52 0560
390 1,625 2068 1306 - 0521
Alton, IL ‘ . e s e
W T2 2082 AT 05N
382 274 S T
383 680 T
384 4,156 2052 1297 0519
385 2,454 03¢ 1287 . Ust6
Ponderay, ID ’ o )
36 >1,000 1779 1137 0470
East Chicago, IN S
498 1,350 1859 1181 0484
499 545 18.66 1192 0.485
501 430 18.49 1.188 0.485

Vs Hivvviear snliomeudiennt nnyn Inninmnan? nh—A rrirlal m'x “x{ ’ lldi‘nﬁ"/78-4mqsnw—ﬁ& useFlO& ¢OVCIDat.-- 3/25/2008
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502 475 18.50 1.190 0.485
Omaha, NE

376 80
378 441 18.51 1.187 0:485" "
379 164 18.69 1.197 0.485
380 112

:; - < e o

[3Y .m

. Display Full Size version of this image (i 3K)

Fig. 3. Scatter piot of lead izotope ratios. The <oil samples from the five sites are triangles pointed
up and down for Collinsville and Alton, the circles for Omaha, the diamonds for East Chicago and
the square for Ponderay. Major mining districts are shown as letters.~8 #6r Bunker Hill, U for Utah,
m for Montana, C for Colorado, X for Mexico and M for;Missouri. The.small I's represent four
Idahe ingot samples from the Bunker Hill refinery, and the small o is for an Omaha and Grant
ingot. e
The Ponderay value of 17.7 was nearly exactly the same as what we found for one of the Bunker Hill ingots, cast
in 1850 (Rabinowitz, 2002), although higher than the values Seen in the large Cosur D'Alene lead ore depost,
which are closer to 16.2 (Leach et al., 1998). This indicates that most of the lead ore came from outside the
extensive Coeur d'Alene deposits, which are about 80 miles away. More likely, the ore came from minor deposits
from nearby Pend Oreille County, Washington, only 30 miles away by water, whuch are reported to average 17.4,
ranging from 16.5 at the Newport mine to 18.8 at the ‘Halfmoon Lake miirie (Smaﬂ 1973).

"The soil isotope values trom East Chicago, wrth a 2"‘3P|:/2°“Pb near 18 5 aro not consistent with only Utah and
Montana ores as sources, but rather could be accountad for by a mlxture of abom four paﬂs Iead fwm Utah with
a value less than 18, or Montana with 2t"‘Pb/m“Pb values near 18, with about one pan lead from Missour, which
hag a ratio above 20 (Table 2). In that, Missouri was the la:gest lead producer and was fuch cioser than Utah to
East Chicago, and Eagle Picher (EP) had large lead interests in Southwest Missour Tri-State area, this addition
of Missouri lead would not be surprising. Ce . -

The Omaha soil 2%5Pb/2%4pD values near 18.5 or 18 5 are n& at ffom 1he one Omaha and Grant ingot sample
reported as 18.1 (Rabinowitz, 20083). Over its decades of operahon that ref‘nery recewed varying amaunt of lead
from smelters in Mexico, Colorado, Montana, Texas and Ulah dapondmg on tariffs and mine outputs, so its
isotope value would not stay constant but would vary over a range A slmrlar paﬂem was noted at the Selby,
California refinery where sources of lead cres varied cver the many dewades of oparahon and a particular batch
.of metal was isotopically different from accumulated factory ‘sHiuent seen in nearby soils (Rabinowitz and
Woetherill, 1972). :

5. Discussion

T T VY

in a previous report (Rabinowitz, 2002) on variations of tfie isotopic boﬁipoéitiiqhﬁb‘f‘diﬂefem American brands of
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corrodmg grade 1oad, the purty grade ysed 10 make lead palnt p\gmems, data trom jead metal produc!s and also
some soll were presonted. Those represented roetal sampies from five brands (Bunker Hill, Doe Run. Eagle
picher, Omaha and Grant, and Selby) and soil values trom fouf f brands (Doa Runy Eagle Picher, |ntemauonal
Lead Refining. perth Amboy and USS Electro). In this survey.. we provide, soil data for five additions! tead
eltemeﬂnenes one of which, Omaha and Grant, weé ptewous\y had reported a meta! value. Taken together,

VI

all of the major prmary grettors and refineries have been exam\ned .

i reviewing the isotope ratio results from these five sites, o cohsiderable vaiialion canbe seen (Table 5). The two
|ond refineries in fliinoie both had con‘laﬂﬁna\ed soils, which resomble nearby majof Missouri jead ores (T able 2
and Fig. 2 and Fig. 3 The Ponderay, \daho site did nat resemble joad from the major idahe load mining diatrict
near Coedl o Alene, but jitely came from cloger minot deposits pend Oreille Gounty, Washington. The East
Chicago LR Anaconda jead refinety soil resembled 8 mixtqr?:prédopﬁnanuy of Utall and Montana lead 0res but
1 also had some 163 4 from Missoutt. The softs from near e Orihatefirery refieet W different mixtures of iead
pullion, from Utah. Menxico, Cotorado and Mortana ore3, Y which‘WGTQ pr’ocegs_egi there. .

The different factories are not each isotapically dnique'(l' able 5) That |s. the Janges ot vaiues of gome of the
smeners do overiap. The systematic jsotopic vaniation among the Ireﬁnene_s :_sv\t\q r_esull of lead ores of differont
genloglcal ages beind used. Assigning potantnal sources of jead ore§ to a sm ner sou 1] necessaﬂly inexact
pecause of {he variation of isotope ratios wwmn a smg\e m-ya!@g dlstnct No smgle numbar canbe used 10
doscribe fully tho ore from an area; rather a range of possnbfe va!ues is appropriate. So, even if isotope ratlos in
al the golis around a factory site were exactly the same; exad appomonment amoug potennal sources is not
possible- - ' o '

TR -'\‘;‘v
e Th PURRS

et

This is a small study in terms of the nurber of soll samp\es exammea at _each s&e ‘For oxample. only one
sample Was analyzed from Ponderay. Themfore genara\mng about the who\e hstory oi a fadory based ona
single, perhaps unrepresentatwe alag sample would be mappropnate - -

Because the 2conoimic activity of hringing &ead lrom afar o 2 faclorv oan d‘nston xhe , patural isotopic composmon
in hts vicinity, the opportunity anises to dvsungmsh this amhropogef\k: Iead trom sum:undmg ambient 1ead. This
ability to use Jaad isotopes 3% an inherent  tracer to follow ihe dnspersnon and ug\ak @ of ioad has proven useful.
As one example, Guison et al (2004) exammed teeth and envuonmemal sampies frorn an Ausltal\an community

with a primany zinc-iead smeher. From these, they cou!d esumale the \ a%t l |he  smelteT. That resoarch team

examined biood and milk from womeh Who had move,d beio;tf p}egnancy from "an 'area of different provailing jead
isotopic abundances, allowing them to observe the m overnem tof skelem! !ead dimng pregnancy and lactation
(Guison et al., 1999). Similar technology was used by Margial\' ét a!. (v 996) o Measune the very siow vettical
movement of lead in different types of soils at Roman n and: ‘Mediaeval smelters in Britain. Hansman end Kappel
(2000) could distinguish petween lead in Swiss S solls that came. trom coal fly ash and Joad from gasoline additive
using this stabie jsotope Me othod. Under e right candlnons. stab\a |5mopes provide a usefu‘ tracer Of source
jdentification technique (Rabinowitz, 1995). In this study, no samphng ot the unpoButed oy ¢ background ambient
lead isotope retios around these factory sites was performed &b, itis not possmle 1o say any of these sites
would provide jsotopl jcally anomalaus lead. compared 1 each one s own gugroundmgs, and hence be potenhal!y
useful as iracers. Co e

I A - R
oy . e ,,_.L.. .

1tis noteworthy that, aithough these industial aites have beeh dovmant for iﬁany decades oil samples with

clevated lead levels could easily be obtained. This reﬂa«_:ts?x‘h'efim:ﬁbmr&y and pemsience of tad in ol (Chaney

ot al., 1989). The sotopic patterms of sol lead aré mnﬁsterft}whﬁ.iﬁé h&&ﬁ\emed sources oi the ores used by
achreﬁnery Syl o R
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Lary Ball of the Woads Hole Oceanographic institule pan‘Ormed the mass sp;d:nme(rj Bruce Doe provided a

1992 copy of the Lead Isotope Data Bank. Diane Rabinowhz assmed in tha ﬁeld cnllections John Amonson cf

the Wallace idaho Disfrict Mining Museum, Donald Huber, Township Supervisor of Alton IL, Donald Burgess of

Collinaville IL and Pat Salvo of Council Biuff iA kindly provided local historic information. Richard Smyers and

Giloria Dosen of the East Chicago IN Public Library were exceptionally helpful-in searching corperate records.
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